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Ps60B B.A.

CBoWcTBa aKyCTUYECKOro pyrnopa HmkHen 4YenocTu genbguHa

Kapanarckuii npupoauslii 3anoBennuk HAH Ykpaunsl, @eonocust, YkpanHa

Ryabov V.A.

Properties of the dolphin's mandible horn

Karadag Nature Reserve, NAS of Ukraine, Feodosia, Ukraine

Panee ObUTO BBICKA3aHO MPEIIIONIOXKEHHE O TOM, YTO HHXK-
HSSL YETFOCTh JIeNTb(MHA PEICTABIIET co00H mepudepmde-
CKHil oTnmen sxonokannoHHoro ciyxa (Ps6os 2003, 2007),
OCHOBHBIE MOP(OJIOTHIECKHE M aKyCTHYECKHE CTPYKTYpPbI
KOTOpPOro MnokasaHbl Ha puc. 1. bpuio Taxke mokasaHo, 4To
IUIOIIA/(b MONEPEYHOTO CEYEHMS IOJ0OPOJOYHBIX KaHAIOB
(TIK) n manmuOynspaoro kanana (MK) HikHe# wemocti
TUIABHO BO3pPACTAlOT KayJalbHO (puc. 2). YUHTHIBas TaKxke,
uro creHku IIK u MK akycTudecku ympyrue, a TKaHU 3a-
HONHSAIOIUE KaHalbl 3ByKonpo3paussl, kaxaeiid 11K u co-
orBercTBytomas 4actb MK (OT BHyTpeHHEro oTBepcTHs
cootserctBytomero I1IK 1o kaymamsaoro orsepctust MK)
BMECTE paccMaTpHUBAIOTCS Kak aKycTU4YecKuil pymop. B He-
KOTOpPBIX CITy4dasx B KayecTBe pyrnopa paccMarpuBaerca MK
(puc. 1) or BHyTpenuero orBepcrus [1K1 (undpoit o6o3na-
qaercss Homep [IK cuuTast oT KOHYHMKa POCTpyma) 10 Kay-
JansHOro orBepeTrs MK.

Hens HacTOsIIEH PabOTHI pacdeT OCHOBHBIX MApaMeTpPOB U
M3Yy4YEHHE CBOMCTB aKyCTHUYECKOI'O pyropa JIEBOM U MpaBou
MOJIOBUHBI HIDKHEH uemoctu. M3 Teopuu pymopa cieayer,
410 OH 3()(EKTUBHO PabOTAET HA YACTOTaX BBIIIC KPUTHYEC-
ckoit, f.. Ha dWacToTax HmKe KpUTHUYECKOH aKTHBHAs CO-
CTaBJIAIONIAS CONPOTHBRIICHUS W3IIyYSHUS pymopa T, CTpe-
mutcs K 0, ¥ CONPOTUBIICHHE CTAHOBUTCSA YHCTO PEAKTHB-
HBIM. [IpakTryecku s 9acToT

>2,3f,, €))

AKTUBHasA COCTaBJIAMOIIAsA COIPOTHUBJIICHUSA U3ITYUYCHUSA PY-
mopa gocturaet 0,9 OT MaKCUMaJIbHOTO 3HAYEHUS, U OTpa-
JKEHHEM OT YCTbsl MOXHO MpeHeOpeub. J[pyrumu cioBamu
KPUTHYECKash 4acToTa pylopa 3TO camas HHM3Kas 4acToTa
Ha4YKMHAs C KOTOPOH PyMop MepeaacT aKyCTHYECKYIO dHep-
THUIO.

Kpurnueckass wactora pymopa f, ompenmensercs MIHHOM
OKPYXXHOCTH €ro YCThbsl (BBIXOJHOI'O OTBEpPCTHs), Kak
(Cw/Ao) = 1, tme: C,, - UIMHA OKPY)KHOCTH YCTBSI pyIopa,
WK Kpyra PaBHOBEIUKOrO MO IUIOLIAAU YCThIO APYroi
(bopMBIL; A, - IIMHA BOJHBI KPUTHYECKOH YacTOTHI PyIOpa.
[MpakTiyecku BHIOMPAIOT

Cn =X u fe=co/ A @)

THe: €y - CKOPOCTH 3BYyKa.

Kpuruueckyro 9acToTy KaTEeHOWAANBHOTO PYIIOpa MOXKHO
TaKOKe PacCUUTaTh UCXOMS M3 CKOPOCTH PACIIMPEHHS PYIIO-

pa,

fg=(coB)(2m), 3)

Previously, it was suggested that the lower jaw of dol-
phin is a peripheral part of echo-location hearing (Ps60B
2003, 2007), whose principal morphological and acous-
tic structures are shown in Fig. 1. It was also shown that
the area of the cross-section of mental foramens (MF)
and of mandibular canal (MC) of the lower jaw
gradually increase caudally (Fig. 2). Taking into
consideration that the walls of MF and MC are
acoustically elastic and the tissues filling the canals are
transparent for sound, each MF and a corresponding
part of MC (from the inner opening of a corresponding
MF to the caudal opening of MC) together are
considered as an acoustic horn. In some cases, MC
(Fig. 1) from the inner opening of MF1 (the digit
designates the number of MF from the tip of rostrum) to
the caudal opening of MC is considered to be a horn.

The present study is aimed at calculation of the principal
parameters and investigation of main properties of the
acoustic horn of the left and right half of the lower jaw.
From the theory of horn it follows that it works efficiently
at frequencies above the critical frequency, f.. At fre-
quencies below critical ones the active component of
radiation resistance of the horn r, tends to 0 and resis-
tance becomes purely reactive. Actually, for frequencies

£>2.3f,, M

the active component of radiation resistance of the
horn attains 0.9 of the maximum value and the
reflection from the mouth may be neglected. In other
words, the critical frequency of the horn is the lowermost
frequency when the horn transfers acoustic energy.

The critical frequency of the horn f; is defined by the
length of its mouth circumference (caudal opening) as
(Cf o) = 1, where:. C,, is the length of the circumference
of horn mouth or a circle equal in the area to the mouth
of a different form; A, is the wavelength of the critical
frequency of the horn. In practice, one selects

Cn=X fo=co/ A

Where: ¢, is the velocity of sound.

and

@)

The critical frequency of the catenoidal horn may also
be calculated by the horn’s flare rate,

fg=(coB)(2m), )

where: ¢, is the velocity of sound in the adipose strand
of the lower jaw which may be assumed to be equal to
the velocity of sound in water (1500 m/s); B is the
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Psi6oB. Ceolicmea akycmu4eckozo pyropa HuxHeud Yyenrocmu 0ernbghuHa

IIIe: Co - CKOPOCTh 3ByKa B )KHPOBOM TSDKE HIKHEH YeITto-
CTH, KOTOPYIO IPUMEM PaBHOW CKOPOCTH 3ByKa B BOJE
(1500 m/c); B-mmokasaTenb pacHIMPEHHst MMOMEPEUHOrO cede-
HHSL PyIopa, KOTOPOE C pPacCTOSHUEM X OT ropliia pyropa
W3MEHSIETCSI TI0 3aKOHY

Sx:SO(COSh(BX))zs (4)

rre: Sy - WIOMIAh MOMEPEYHOT0 CeUYEHHS TopIia pyropa; Sy -
IUIOIIA/Ib TIONIEPEYHOTO CEUCHUsI PYNopa Ha PacCTOSHHUU X
OT €ro ropa.

Pa3mepsl akycTHuecKkoro pymnopa JI€Bo U IpaBoi MOJIOBH-
Hbl HIDKHEH YeIOCTU MPaKTUYECKH OJUHAKOBBI, MOITOMY
pacueT mapameTpoB aKyCTUYECKOIO pyINopa BBIIOJHEH C
UCTIONB30BAHUEM MOJAENU KaT€HOMIAIBHOTO PYIHopa, puc. 2
(anmmpoxcrManus KOHYCOM U KaTeHOUION).

s onpeneneHrss KpUTHUECKON M HIDKHEM MpaHMYHOM yac-
TOTBI PyIIOpa BOCIIONBb3yeMcsi cooTHomeHusMu (1 u 2), oT-
kyna £=19,1 k', cnenoBaTebHO, HIKHSIS TPAHWYIHAS Yac-
TOTa pynopa, onpeesnsieMas pa3MepaMmu €ro ycrbs, paBHa

f=19,1%2,3 =43,8 x['m. %)
U3 (1, 3 u4), naxogum = 0,01085 (1/mm)
f.p=2,58 xI'i1

CJIe0BaTEIbHO, HIKHSSI TPAHUYHAS YacToTa pyropa, onpe-
nensieMasi ero (opMoii (CKOpPOCTBIO pacIIMpEHHs Pyropa),
paBHa

f3=2,58 #2,3 =592 xI'n. 6)
MHTEepecHo, UTO KaTeHOUMAIBHBIN PYIIOp MpeCcTaBiIseT
coboit Pa3HOBHUIHOCTH SKCIIOHEHIINATIBHBIX

TUNEpOOIMYECKUX PYNOPOB W, A JAaHHOW HIDKHEH
TPaHMYHON YaCTOTHI, SBJISIETCS CaMbIM KOPOTKHM PYIIOPOM
3TOTO CEeMEWCTBa, T.€. OH MMEET MaKCHMAIBHYIO CKOPOCTb
pacIMpeHns! MONEePEeYHOTO CeUSHHS.

PaccMoTpuMm (GyHKIHH, KOTOpHIE BBHIIOJHSIET PYIOP
HIDKHEH dYeNfoCcTH. 3BYKOBas BOJIHA, Majaromas Ha
HUXKHIOW 4entocTh mpoxoaut no TkausM 1K B MK, T.e.
ropio pymnopa. CienoBarensHO, TOpIIo PyHopa UrpaeT poib
«cymMmaropa», TOe 3BYKH IepemaHHble Kaxabim [1K
CKJIAIBIBAIOTCSI C COOTBETCTBYIOIIUMH aMIUIATYAaMH U
BPEMEHHBIMH  3aJepXKKaMH, IOCIEe Yero OHH
pactipoctpansitorcss Bronb MK (pymopa) u u3imydarotcs
BbIXOZHBIM OoTBepcTHeM MK (ycTheM pymopa) Ha CIIyXOBYIO
KOCThb, PACIOJOXECHHYIO PSJOM C CYCTaBOM HIDKHEH
yemocT. Cpezioit Ui mepeiaud 3ByKa SIBSICTCS YKHPOBOU
TsDK, 3amnonHsionui y Odontoceti nonocts MK u
JOCTHTAIOIINI JIaTepaibHOM CTeHKH OapabaHHOW KocTH. B
9TOM MECT€ KOCTh MMEET MHHHMalbHYIO ToJumuHy 0,3-
0,4mMM, 1 urpaet poip O0apabaHHOW TEPETIOHKH, TepenaBast
3BYKOBBIE KOJieOaHMsI Ha MOJIOTOYeK cpeaHero yxa (Norris
1968, Hemila et al. 1999). PaccmarpuBaeMblii IyTh
nepeayr 9X0 Ha cperHee yXo (MUHYS Hapy>KHBIE CITyXOBBIE
MPOXOIBI) CBUAETEIHCTBYET O TOM, YTO MOP(OIIOTHYECKHE
CTPYKTYpBl HIDKHEH YeNIOCTH IPEICTABISIOT CO0OH co-
CTaBHBIE YaCTH CIECIHAAIN3UPOBAHHOTO TEPH(EPUIECKOTO
OTJIeNIa IXOJIOKAITMOHHOTO cityxa. OO 3TOM e CBUACTENb-
CTBYET IIOCITIEOBATEIBHOCTh AKyCTHYECKUX CHCTEM (MOp-
(hoorMYecKuX CTPYKTYp), TOKa3aHHAs Ha puc. 1, KoTopas ¢
TOYKH 3PECHUS aKyCTHUKH, SBISETCS ONTUMAIBHOM.

horn’s flare rate, the horn cross-section with distance x
from the horn mouth is being increased by the law

S.= So (cosh (Bx)Y’, 4)

Where: S, is the area of the cross-section of the horn
mouth; S, is the area of the cross-section of the horn at
the distance x from its mouth.

The size of the acoustic horn of the left and right half are
identical. Therefore, the calculation of parameters of the
acoustic horn is made on the basis of the model of the
catenoidal horn (Fig. 2) (approximation by a cone and
catenoid).

For determination of the critical and lower boundary
frequency of the horn, let us use the equations (1 and 2),
from which f=19.1 kHz, therefore, the lower boundary
frequency of the horn determined by the size of its
mouth is

f=19.1*%2.3 =43.8 kHz.
From (1, 3, and 4) we find f = 0.01085 (1/mm)
fip=2.58 kHz

therefore, the lower boundary frequency of the horn de-
termined by its form (by horn flare rate) is

fp=2.58 ¥2.3 =592 kHz. ©6)

It is interesting that the catenoidal horn is a variant of
exponential hyperbolic horns and is, for this lower
boundary frequency is the shortest horn of this family,
i.e., it has the maximal rate of flaring of the cross-
section.

©)

Let us consider the functions performed by the horn of
the lower jaw. The sound wave falling onto the lower
jaw passes over tissues of MF into MC, i.e., horn throat.
Therefore, the horn throat is a "summator" where the
sounds transferred by each MF are summed up with the
corresponding amplitudes and times delays and then are
transferred along MC (horn) and emitted by the caudal
opening of MC (horn mouth) onto the otic bone situated
near the joint of the lower jaw. The medium for sound
transference is an adipose band filling in Odontoceti the
cavity of MC and reaching the lateral wall of the
tympanic bone. In this place the bone has the minimal
thickness 0.3-0.4 mm and plays a role of the tympanic
membrane transferring the sound vibrations onto the
malleus of the middle ear (Norris 1968, Hemila et al.
1999). The considered way of transference of the echo
onto the middle ear (beyond external auditory meatus)
indicates that the morphological structures of the lower
jaw are the components of the specialized peripheral
part of echo-location hearing. This is also confirmed by
the consequence of the acoustic systems (morphological
structures) shown in Fig. 1 which is optimal in the
acoustic aspect.

It follows from the calculations that the area of the horn
mouth efficiently emits the frequencies above the lower
boundary frequency f=43.8 kHz (5). This result is very
interesting as it defined the lower boundary frequency of
both the horn and TWA and consequently of the echo-
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Ryabov. Properties of the dolphin's mandible horn

W3 pacyeroB cnenyer, 4To IUIoLIaab ycThs pynopa sddex-
THUBHO M3JIyYaeT YacTOTHI BBILIE HI)KHEH IpaHUYHOM YacTo-
11 f = 43,8 k['11 (5). DTOT pe3ysbTaT MPeACTaBIsSCT 00Jb-
LIOW WHTEpEC, TaK KakK OIpeNesisieT HIKHIOK TI'PaHUYHYIO
yacToTy W pynopa u ABB u, cienoBatensHO, 9X0I0KAIIMOH-
HOro ciyxa nenbhuna Omm3koi k 43,8 k['m. IlomydeHHBIH
pe3ynbTar corjiacyercsi CO 3HAueHHEM HIDKHEH TIpaHHIbI
9XO0JIOKaIIMOHHOTO ciyxa (40-140 xI'1) u3mepeHHOH B 3X0-
JIOKAIIMOHHBIX dKcriepumenTax (Psoos 1991; Ps6os u 3a-
cnaBckuit 1998). CnemoBarenbHO, PYmop HIpaeT poJib
(GuIbTpa BEpXHUX YacTOT, TaK KakK IEPEAacT Ha CIyXOBYIO
KOCTb TOJIBKO YaCTOTBI 3XOJIOKAIIMOHHOT'O CIIyXa U 0cnalsieT
gacToThl HUXeE 43,8 K['11. DTOT dakT yka3pIBaeT Ha TO, YTO
HHU3KOYaCTOTHBIE 3BYKH M KOMMYHHKALIHOHHBIE CBHCTBI
MepealoTCcsl Ha cpemHee yXO JAPYTMM (HH3KOYACTOTHBIM)
MyTeM, pOJb KOTOPOTO, MO-BHAMMOMY, MOTYT WIpaTh Ha-
PYXKHBIE CIyXOBbIe Tpoxonsl (AdpamerssHi u ap. 1973),
TIOO0 JKUP, PACTIONOKEHHBIH C HAPYKU 3aJHEH JaTepaIbHON
CTEHKHU HWO)KHEH YENIIOCTH U COEAMHSIONIMICS BEHTPAIBHO C
BHyTpuMaHIuOymsipaeM (Ketten 1997). 13 atoro crenyer,
YTO HU3KOYACTOTHBIA MYTh, IMO-BHUIMMOMY, WIPAET PpOJb
(uIbTpa HIDKHMX YacTOT, TaK Kak JOJDKEH IepenaBaTh Ha
CpesiHee yXO TOJBKO HHM3KHE YacTOThl M KOMMYHHKaIMOH-
HBIE CBUCTBI, M CYIIIECTBEHHO OCJIA0IATH 4acToTh! BbInie 30-
40 xI'n. Ilpeanonoxenue o HAIMYUM ABYX MOACUCTEM CIIy-
Xa M COOTBETCTBYIOIIMX UM IyT€H 3BYKOIPOBEJECHHS COTJIa-
CyeTcsi C CyIIECTBEHHO MEHBILEH HAIpaBIEHHOCTBIO CllyXa
Odontoceti na yacrorax Hwke 30 k[, O cpaBHEHHIO C
OoJsiee BBICOKOI M BecbMa CrielM(UUECKON HalpaBiIeHHO-
CTBIO BBICOKOUYACTOTHOTO ciyxa (Au, Moor 1984, Psboor
2003, Popov et al. 2005 u ap.).

[pakTuyeckyu ¢ 1eNbl0 YMEHBIIEHHs] HEMMHEHHBIX MCKaXe-
HUI BEPXHIOK 4acTOTY, IIEPEAABAEMYI0 KOHEUHBIM PYIIO-
POM, TIPHHSITO BBIOMpATh HE INpPEBBILAIOLICH 4 OKTaBbl OT
HWKHEW T'paHUYHOM 4YacTOThl, @ CKOPOCTh PaCIIUpPEHUs ce-
YeHHA JOJDKHA OBITh MEIJICHHOHM, TaK 4TOOBI HIDKHSA Tpa-
HUYHAsI 9acToTa ompexaenseMas ¢popmoil pymopa Obuia cy-
LIECTBEHHO HM)KE TAaKOBOM OIPENENIEMON pa3MepaMu €ro
yctbs. [lomoca gactoT 3xonmokanmuoHHOTO ciyxa (40-140
k['11) HECKONBbKO MEHbIIEe OBYX OKTaB, a (opMa pyrnopa
HIDKHEH YeJIOCTH 331aeT HIDKHIOK TPaHUYHYIO 9acToTy fi=
5,92 xI'm (6), uro cymectBenHo Hmke f =43,8 k['1p (5),
T.0. TapaMeTpbl pynopa HWXKHEH YeIIOCTH COIJIacyercst C
MPaKTUYCCKUMHU Tpe6OBaHl/IHMl/I TOYHOCTHU BOCHPOU3BECAC-
HUS QOPMBI NIEPEIaBaEMOr0 SXOCHTHAJIA.

Hcxonst U3 3aKOHA COXpPAHEHUs! SHEPTHH, CIEAYyeT, 4TO Py-
MIOp HE YCHJIMBAET SHEPIHIO 3XO0, B TO JKE€ BPEMs M3BECTHO,
YTO PYNOpP COTTIACYET CONPOTHUBIICHUE W3ITyYECHHs H3IIyda-
Tels (B TOpJie pyropa) ¢ pa3MepaMy BO MHOTO pa3 MEHBIIE
JUIMHBI BOJIHBI C BOJIHOBBIM CONPOTHBIIEHHEM Cpenbl (B
ycrbe pynopa). CrenoBatenbHO, pynop HIDKHEH YellocTH
corjiacyeT ConpoTHuBIeHHE n3mydeHus kaxgoro IIK (pas-
Mepbl KoTopbix Ha yactoTe 110 xI'Ij mpuOIM3uTENsHO B 5
pa3 MCHbUIC JIMHBI BOJ'IH])I) C BOJIHOBBIM COIIPOTHUBJICHUEM
KHMPOBOTO TsDKA U TIEPEJIacT SHEPIUIO 3BYKOBBIX BOJIH X0
U3 OKpYIXKaIoIel cpelpl Ha CIyXOBYIO KOCTb BO BCEM JIHa-
MIA30HE YacTOT JXOJIOKAIIMOHHOTO CIyXa, 0€3 MCKa)KeHUH U
otpaxenuil. Kpome toro, pymop sBisiercst TpanchopmaTo-
poM H TIpeoOpazyeT aKyCTHUECKYIO 3HEPTHIO C BBICOKHUM
JTABIICHHEM W MaJIoi 00BEeMHOM K0JIe0aTeNbHOU CKOPOCTHIO
B TOpJIE, B SHEPTHIO C HU3KUM JABJICHUEM U BBICOKOH 00b-

location hearing of dolphin near 43.8 kHz. The obtained
result agrees with the value of the lower boundary of the
echo-location hearing (40-140 kHz) measure in the echo-
location experiments (Ps6oB 1991; Ps6or u 3acnaBckuit
1998). Therefore, the horn plays a role of the highpass-
filter as it transfers onto the otic bone only the
frequencies of the echo-location hearing and decreased
the frequencies below 43.8 kHz. This fact indicates that
the low-frequency sounds and communicative whistles
are transferred onto the middle ear by a different way
(low-frequency way) performed probably by the external
auditory meatus (AfipanetpsHl u ap. 1973), or by fat
situated outside of the posterior lateral wall of the lower
jaw and ventrally connected with the intramandibular one
(Ketten 1997). It follows that the low-frequency way
seems to play the role of the lowpass-filter as it has to
transfer to the middle ear only the low frequencies and
communicative whistles and significantly decrease the
frequencies above 30-40 kHz. The assumption of the
presence of two subsystems of peripheral hearing and of
the corresponding ways of sound transfer agrees with the
significantly lower directivity of hearing in Odontoceti at
frequencies below 30 kHz in comparison with a higher and
very specific directivity of the high-frequency hearing
(Au, Moor 1984; Psi6or 2003; Popov et al. 2005, etc.).

Actually, to reduce the non-linear sound distortion it is
practiced to select the upper frequency transmitted by the
finite horn as not exceeding 4 octaves from the lower
boundary frequency and flaring of the cross-section should
be slow so that the lower boundary frequency defined by the
form of the horn would be significantly lower than that
defined by the size of its mouth. The frequency band of the
echo-location hearing (40-140 kHz) is somewhat less
than two octaves and the form of the horn of the lower jaw
define the lower boundary frequency f3=5.92 kHz (6)
what is significantly lower than f=43.8 kHz (5). Thus the
parameters of the horn of the lower jaw agree with practical
requirements of reproduction fidelity of the form of the
transmitted echo signal.

With consideration of the energy conservation law, it
follows that the horn does not amplify the echo energy. It
is also known that the horn matches the radiation resistance
of the radiator (in the horn throat) with dimensions by
many times smaller than the wave length with the wave
resistance of the medium (in the horn mouth).
Consequently, the horn of the lower jaw matches the
radiation resistance of each MF (whose size at the
frequency 110 kHz are approximately by five times less
than the wave length) with the wave resistance of the
adipose band and transfers the energy of sound waves of
echo from the medium onto the otic bone all over the
range of frequencies of the echo-location hearing without
distortions and reflections. In addition, the hom is a
transformer and transforms the acoustic energy with a high
pressure and low particles velocity in the throat into the
energy with a low pressure and a high particles velocity
in the mouth. In modeling of exponential horns it was
shown that intensification of the particles velocity (and
accordingly the decrease of sound pressure) in the horn
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Ps6oB. Ceolicmea akycmu4ecko20 pyriopa HuxHel Yyernrocmu OenbguHa

€MHOH KoJeOaTelbHOW CKOPOCTBIO B yCThe. [Ipm Momenu-
POBaHNM SKCIIOHEHIMAIBHBIX PYIOPOB OBUIO IOKa3aHO, YTO
ycuieHre 00beMHON KoieOaTenbHOH CKOpPOCTH (M COOTBET-
CTBEHHO YMEHBIIICHHE 3BYKOBOT'O JIABJICHHUS) B YCThE PYIIO-
pa 1o CpPaBHEHHUIO C TOPJIOM PAaBHO KBaJPaTHOMY KOPHIO M3
(Sw/Sy); Tme Sy, - WIoHaas YCThs pymopa, S; - IUIONIAIb
ropiyia pymnopa. PaccuntanHble 3HaueHUs yCHJICHUS KoJeOa-
TENBHOW CKOPOCTH Ha BBIXOJIE PyTopa MpaBoi (JIeBoii) To-
JIOBUHBI HWXKHEH YENIOCTH AJIS 9X0 IPOLIEAIIETO Yepes
K1 - IIK4 (ITIK1-I1K3) cocrasmmm 8,3; 10,8; 11 n 18 (7.9;
10 u 10), coorBerctBeHHO. CnemoBaTtenbHO, pymop MK
KOMITCHCUPYET HEJOCTATOK YCHIJICHHS KOJIEOATeNbHOW CKO-
poctu (~10 pa3) mokazaHHBINA AJISI MOIENHM CPEAHETO yxa
Odontoceti (Hemila et al. 1999).

Hctounnk 3ByKa ¢ 00BEMHON CKOPOCTEIO Q B ropiie pyro-
pa, MMEIOLIEro Yrojl packpbiBa (), H3JIydaeT 3BYKOBYIO
MOIIHOCTh Ha CIUHUILY IUom@am B 41/Q pa3 OOoJbIIyio
MOIIHOCTH ITYJILCUPYIOIICH Cepbl, U3TyJaromel B Heorpa-
HUYEHHOE TPOCTPAHCTBO. B CBS3HM € 3THM yCHJIHMTEIHHBIC
croiictea (K) pymnopa HwKHEH YerocTr aeib(UHa M0 CpaB-
HEHHUIO C HEHaNpaBJICHHBIM HCTOYHUKOM (MOHOIIOJIEM),
MO>KHO paccUUTaTh KaK

K =4w/Q, 7)

rae: Q) - TelecHsIi yroi, Q = S/IZ, rae: S - mwiomaas yCThs
PyIIopa; T - JUTMHA PyIopa.

Paccunrannpie 3HaveHns K Ha BbIXOzE pyropa mpaBoit (Jie-
BOI1) MOJIOBUHBI HIKHEN YeNOCTH JocTUraoT 2148 (2148),
466 (575), 201 (273) u 11 pa3 ajst 5XOCUTHAIIOB, BXOISIINX
B MK uepe3 TIK1 (TIK1), ITK2 (T1K2), I[IK3 (T1IK3) u I1K4,
COOTBETCTBEHHO, C Y4ETOM Pa3MepOB IONEPEYHBIX CEUCHHI
IMK u MK u otpakeHuii oT ckaukoB ceueHui. DPpdexTns-
Hasl JUIMHA pymopa U cienoBatenbHo ero K ymensiaercs ¢
ynanenreM [1K ot koHunka poctpyma. PaccuntanHbie 3Ha-
yennss K OBUIM HCIIOJIb30BaHbI B Ka4YeCTBE BECOBBIX KOI(-
(ULMEHTOB MpPU pacyeTe aMIUIMTYAHBIX paclpeieieHui
ABB 1 XapakTepuCTHKH HaIPaBIECHHOCTH 3XO0JIOKAIIMOHHO-
ro ciyxa (Psi6os 2003).

W camoe BaxXHOE, YTO BO BCEM JMANa30HE 4acTOT XOJIOKa-
HOHHOTO CIIyXa pPyImop O0ecredrBacT pexuM «Oeryreit
BostHBD B MK, Tak Kak OTpakeHHus! OT €ro YCThsl B HaIlpaB-
nernu ropia (t.e. HPBJI3) ucxozas u3 cBOWCTB pyropa, He-
3HAYUTEIBHBL. JTO OYEHb BaXKHBIM BBIBOJ, TaK KaK OH OIpe-
JIeTsieT  yCTPOICTBO «MACANBbHOIW» CO3JaHHOM MpHUpOIOoiH
mupoxonongocHo ABB, kak KOMIUIEKC, COCTOSIIUN W3
HPBJI3 u akyctryeckoro pymnopa.

mouth in comparison with the throat equal to the square
root of (S,/Sy); where Sy, is the cross-section area of horn
mouth, S; is the cross-section area of horn throat. The
calculated values of amplification of particles velocity at
the horn mouth of the right (left) half of the lower jaw
for the echo passed through MF1-MF4 (MF1-MF3)
were 8.3; 10.8; 11 and 18 (7.9; 10, and 10),
respectively. Consequently, the horn of lower jaw
compensates the particles velocity amplification lack (~
by 10 times) shown for the model of the middle ear of
Odontoceti (Hemila et al. 1999).

The sound source with the volume velocity Q in the horn
throat with the opening angle Q emits the sound power
per unit area by 4m/Q times higher than the power of the
pulsing sphere emitting to the unlimited space. There-
fore, the amplifying properties (K) of the horn of the
lower jaw of dolphin in comparison of the
nondirectional source (monopole) may be calculated as

K = 47/Q, (7

Where: Q is the solid angle, Q = S/r*, where: S is the
area of the horn mouth; r is the length of the horn.

The calculated values of K at the horn mouth of the right
(left) half of the lower jaw attain 2148 (2148), 466 (575),
201 (273), and 11 times for echo signals entering MC
through MF1 (MF1), MF2 (MF2), MF3 (MF3), and
MF4, respectively, with consideration of the size of
cross-sections of MF and MC and reflections from the
jumps of cross-sections. The effective length of the horn
(and thus its K) decreases with the distance of MF from
tip of the rostrum. The calculated values were used as
weight coefficients in the calculation of amplitude dis-
tributions of TWA and of characteristic of directivity of
echo-location hearing (Ps60B 2003).

Most importantly, in all over the range of frequencies of
the echo-location hearing the horn provides the regimen
of the "traveling wave" in MC as the reflections from its
mouth towards the throat (i.e., NAWDL) are insignifi-
cant, considering the properties of the horn. This a very
important conclusion as it defines the structure of the
"ideal", nature-created broadband TWA as a complex
consisting of NAWDL and of the acoustic horn.
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Ryabov. Properties of the dolphin's mandible horn

a8

SO YN A UL A

HPBN3 |
aKyCTUYeCKUIA pyrop

ABB

aKpaH-pednekTop | TP

Puc. 1. Uepen nenbuHa, naTtepanbHbIil BUL, jeBast cropoHa. CruomHoi muHuer nokasal npoduns 1K1 1 MK. Aky-
crrvecknid pynop - yactb MK ot BHyTpennero orBepctrs [1K1 1o sxpan-pedurextopa, mmna 246,5 mm. Topio pymopa
(y BayTpennero orsepctus [1K1) oBanbHO# Gopmel ¢ onepedHbIMu pasMepamu 3,3x3,5 MM M IUIOIIA/IBIO TTOTIEPEYHO-
IO CeueHus 0koyo IMM>. YCThe pymopa IIOCKoe HMeeT GOPMY BBITSHYTOIO AIUIHIICA ¢ OCAMH 2a = 15MM i 2b = 44mm,
C IUIOMA/IBIO TIONIEPEYHOro ceueHns okono 492 mMm>. HPBJI3 - HedKBHIMCTAHTHAsS pelieTKa BOJTHOBOIHBIX JTHHHIL 3a-
JIEP’KKH PacIIOIOKeHa B rOpJie aKyCTHYECKOro pyropa, ooiacts HkHer genmtocty ¢ [IK u nepenueit wacteio MK, -
Ha okosto 100mm. ABB - antenHa Oeryiueld BosiHbI, KOMILIEKC, coctosimid u3 HPBJI3 u akycrudeckoro pymopa. Aky-
CTHUYECKU He NPO3pavHblil SKpaH-pedIIeKkTop - JarepaibHas CTeHKa 33/IHET0 KOHIIA HW)KHEH YelItoCTH, OT YCThsI pyropa
JI0 cycTaBa, Okojio 132MM B uinHY (Ha3albHO-KayJIallbHO) C JOPCaIbHO-BEHTPAIBHBIMHA Pa3MepaMu OKOJIO S5MM U
88MM y ycThs pymopa u y CycTaBa, COOTBeTCTBEHHO. TP - GapabaHHO-OKOJIOYIIHAS KOCTh. LA - mpomoibHas OCh KU-
BOTHOTO.

Fig. 1. The skull of dolphin, left side. The continuous line shows the profile MF1 and MC. The acoustic horn is a part of
MC from the inner opening of MF1 to the screen-reflector, length 246.5 mm. The throat of the horn (at the inner open-
ing of MF1) is oval, with the transverse dimensions 3.3x3.5 mm and the area of cross-section about 9 mm’. The horn
mouth is flat, in the form of an elongated ellips with axes 2a = 15mm and 2b = 44 mm, with the area of the cross-
section about 492 mm>. NAWDL - non-equidistant array of waveguide delay lines is situated in the throat of the acoustic
horn, the area of the lower jaw with MF and the anterior part of MC, length about 100 mm. TWA - the traveling wave
antenna, a complex consisting of NAWDL and the acoustic horn. The acoustically transparent screen-reflector - the
lateral wall of the posterior end of the lower jaw, from the horn mouth to the joint, about 132 mm in length (nasally-
caudally) with dorso-ventral dimensions about 55 mm and 88 mm at the horn mouth, respectively. TP is the
tympanoperiotic complex. LA is the longitudinal axis of the animal.

500 [
—_=—H3IMepeHHEIE 3HAYEHHA PI/IC. 2 B03paCTaHI/Ie IUIOLLIAIN
=, —kaTeHouaa 7.3(cosh(0.01085x))*2, R*2=0.993 TOMEPEYHOr0  CEUCHUs MaH,Z[I/Iﬁy—
< 400 - KoHyC W KaTeHoNRa 15(cosh(0.0126x))"2, R*2=0.986 IAPHOTO KaHATA (AKYCTHUECKOrO
it pynopa puc. 1) mo ero anuue
s i / (wmmHa TIK1 + mna MK, npasast
§ 300 ,.f’" TI0JIOBHHA HIDKHEH YEIIOCTH).
] g / Fig. 2. Increase in the area of the
g cross-section of the mandibular
I 200 : Vi canal (acoustic horn, Fig. 1) along
] 5 / its length (length of MF1 + length
@ ; 4 of MC, the right half of the lower
¢ 100 : ol ;
] i - jaw).
2 : - .-1\ -
g Q_@_______@,_,.@..f-_-@"'"
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Psi6oB. Ceolicmea akycmu4yecko20 pyriopa HUxHel Yyernrocmu d0efibghuHa
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